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Abstract: This study was conducted to investigate the effect of magnetic water treatment on growth 
characteristics of pepper (Capsicum annuum) plants. One week old pepper plants were selected and 
divided into four groups in a complete randomized design. In our study, we took normal tap water 
and divided it into four parts. The first group received given non-magnetically treated water (as a 
control), while the remaining groups received magnetized water at 3, 6, and 9 magnets, respectively. 
Four pipes and 18 permanent magnets with a flux density of 70 mT were used for this system. The 
results of the current study showed that magnetized water caused significant increases in all studied 
parameters, except plant length and dry weight, when compared to non-magnetized water. The 
results revealed that magnetizing water with 6 magnets was effective than others in increasing the 
number of fruits and leaves per plant, whereas magnetizing water with 9 magnets was effective than 
others in increasing the fresh weight of produces fruits. The impact of magnetic water treatment 
depends on the number of magnets used to magnetizing water. It appears that the utilization of 
magnetically treated water can lead to improving the quantity and quality of pepper fruits. Therefore, 
applying magnetized water could be one of the most promising ways to enhance agricultural 
production in an environmentally friendly way. 




In current decades, the interaction of magnetic fields with living beings has attracted the interest 
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of scientists from different disciplines including physics, medicine, biology, chemistry, 
biotechnology, biochemistry, and nanotechnologies. Extended progress in the experimental setup and 
the design of modern magnetic materials has resulted in the burgeoning development of new 
methods to reveal the functions of magnetic fields on the intracellular and molecular levels [1,2]. The 
use of magnetically treated water for watering crops in agriculture takes an important place in the list 
of environmentally clean methods. Magnetically treated water is water prepared by exposing normal 
water through the magnetic field of a certain intensity, flow rate and time [3,4,5]. 
Use of magnetic field can change the chemical, physical, physicochemical and biophysical 
properties of water which lead to specific functions [6–9]. Water plays a major role in determining 
the response of biological materials to magnetic fields. Indeed, water is considered the primary 
medium in which various biochemical reactions occur, so it is supposed that the exposure to 
magnetic fields may alter cellular metabolism using the body’s water as a primary receptor of the 
magnetic fields. The differences between non-magnetically treated water (normal water) and 
magnetically treated water have been reported respecting to activation energy, viscosity, conductivity, 
hydrogen bond formation, surface tension, dissolved oxygen, water molecule size, evaporation, salt 
mobility as well as uniformity of its structure [10,11]. 
The biological effects of magnetic fields have gained increased attention of researchers from a 
wide spectrum of disciplines such as cell therapy, cell biology, targeted stem cell delivery, and nanomedicine. 
The response of biological material to magnetic fields have been studied extensively [12–15]. Magnetic 
fields affect all living systems, including plants, animals and humans, as well as influence cells, 
tissues, organs, and the whole organisms in different ways [16–20]. External magnetic fields 
influence both the activation of ions and polarization of dipoles in living cells [21]. Also, magnetic 
fields have been reported to affect the permeability of cell membranes and activity of ions and 
related functions, thus resulting in upsetting the balance of ion concentration in the cell and changing 
the intracellular pH [22]. Magnetic field was reported to affect phenotypic, genotypic, growth 
characteristics and different functions of the plants like root and shoot growth, germination of seeds, 
yield parameters, productivity, reproduction, growth of the meristem cells, mRNA quality, 
chlorophyll contents, enzyme activities, gene expression, protein biosynthesis[13,23–25]. 
Research on the responses of living beings to low, moderate and strong magnetic fields is 
prolific [26–29]. Although, there have been many reports on the biological effects of direct or 
indirect exposure to magnetic fields on living materials, the exact effect of magnetic fields is still 
under investigation [8]. Exposure of plants to magnetic fields indirectly through water is of particular 
interest due to the role of water to living systems, especially plants which are sessile. Previous papers 
indicated that the influence of exposure to magnetic fields is not identical. Some studies show an 
inhibitory effect by the magnetic fields, whereas, others show activation or no effects on the plants. 
For example, it was noticed that the magnetized water have a positive impact on germination 
percentages of seeds [22], shoot growth [4], root growth [30], emergence rate [31], essential element 
uptake [32], and seed yield [33]. On the other hand, Turker et al. [30] reported that weak magnetic 
field had negative effect on growth of roots during early growth.  
In recent years, many investigators have tested the effect of exposure to a magnetic field on the 
growth of plants. However, the effects related to the treatment of water with magnetic fields on the 
growth and developments of pepper plants are poorly discussed. Therefore, the purpose of this study 
was to determine the impact of the magnetic treatment of water on the growth and morphological 
character of pepper (Capsicum annuum) plants. 
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2. Materials and methods 
This study was conducted in March 2019 for 14 weeks in a field site in East Gaza, Gaza Strip, 
Palestine, to investigate the impact of magnetic water treatment on the growth and development of 
pepper plants. The practical part of the study consists of three stages: The first stage was designed for 
the magnetic system for the treatment of water. The second stage was the preparation of magnetically 
treated water by treating water samples with the magnetic field. Finally, the third stage was watering 
pepper plants with magnetically treated water. 
2.1. Plant material and growth condition 
Under controlled conditions at the field, one week old of pepper plants, without visible defect 
insect damage, were selected and divided into four groups in a complete randomized design. Pepper 
plants were chosen due to the lack of studies dealing with the response of peppers to magnetically 
treated water. Also, they growth during the study period and farmers extensively plant it in their 
fields. Furthermore, it is easy to transfer pepper plants from the field to the laboratory and conduct 
the required analysis. Table 1 illustrates the number and distribution of plants in each group. 
Table 1. The distribution of pepper plants in experimental groups. 
Treatments Number of pepper plants in each experimental 
group 
Normal tap water (control) 12 
3 magnets 21 
6 magnets 20 
9 magnets 13 
Total 66 
Table 2. The nutrient content of NPK fertilizer used in our experiment. 
Item Nutrient Quantity Unit 



























All of the factors (e.g. light intensity, quantity and quality of water, time of watering plants, type 
and quantity of fertilizer, etc.) except the number of magnets were kept constant. Also, a constant 
watering time was maintained to reduce unexpected variables that affect the growth of tested plants, 
therefore the treatment and watering times were properly scheduled.  
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During the study, the tested plants were fertilized with 13-13-13 NPK fertilizer (Poly-Feed™, 
Haifa company, Occupied Palestinian territories). The NPK fertilizer used in this study was obtained 
locally from the farmers and added as recommended by the guidelines of Haifa NutriNet™ 
company [34]. The nutrient content of fertilizer is shown in Table 2. 
Throughout the experiment, the plants were treated with Roger pesticides (Haifa company, 
Occupied Palestinian territories). All plants were treated at the same time and the same amount of 
fertilizer and pesticide. The tested pepper was grown until all the fruit yields were harvested. 
2.2. Water treatment 
Despite many devices that have been designed for the preparation of magnetically treated water, 
we preferred to build up our magnetic equipment in laboratory conditions. In our study, we took 
normal tap water and separated it into four parts. The first group was given )non-magnetically treated 
tap water (normal tap water), while the remaining groups were given magnetically treated water. The 
block diagram of this study explains in the flow chart as shown in Figure 1. 
 
Figure 1. Block diagram of the experimental setup. 
The system prepared for water treatment composed of pipelines that will hold the water and 
provide a surface that magnets can touch it. Four pipes and 18 Nickel-plated neodymium magnets 
were used for this system. We selected polyvinyl chloride (PVC) pipes with a diameter of 15 mm and 
a length of 270 mm. The magnets used in this study had an ellipse shape (30 mm length x 15 mm 
diameter) with a magnetic flux density of 70 mT. All magnets were identical and had the same size, 
shape, and strength. Neodymium magnets are preferable due to their remarkable strength and easy 
accessibility. For the first pipe, which corresponded to the control group of the experiment, no 
magnets are used. For all of the other groups that have magnets, the pipes with magnets were built up 
correctly. The second pipe was fitted with 3 magnets. The third and fourth pipes were fitted with 6 
and 9 magnets respectively. 
The magnets are stuck on the inner sides of the pipes. The preparation of Bi-Polar water was 
done by placing high powered magnets side-by-side at a distance of at least (5–10 mm) apart. The 
polarity of the magnets was taken into consideration, where the north and south poles of the magnets 
on the treatment pipe seat were alternated. This procedure is necessary to ensure that opposite poles 
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face each other and create the desired magnetic field between the two poles and thus, effectively treat 
water by the magnetic field [35]. The magnets were placed at the end which is nearest to the plant at 
the distance was 100 mm. The installation of the magnets inside the pipelines system was shown in 
Figure 2. After all, the pipes were ready, they were placed in the field with the same containers to 
watering the plants. The plants watered according to the guidelines of farmers and to the 
recommendation of the ministry of agriculture. The number of times of watering the plants was the 
same of number of times that our farmers watering their pepper plants in the fields (once a day). 
2.3. Data recorded 
At the end of the fourteenth week after transplanting, shoot length, fresh and dry weight, stem 
thickness, and leaves number were monitored and recorded. The length and thickness of the grown 
plants were carefully recorded using a ruler and capillary, respectively. These parameters were 
chosen because they indicate the status of growth and development of pepper plants under the tested 
growth condition. The investigated parameters are considered good criteria to explain the changes 
induced by magnetically treated water whether directly or indirectly. At 14 weeks from treatment 
date, plant fresh and oven-dry weight of plants were determined. 
2.4. Statistical analysis 
 
Figure 2. Construction of magnetic water treatment system: (A) non magnetized water, 
(B) Magnetized water with 3 magnets, (C) Magnetized water with 6 magnets, (D) 
Magnetized water with 9 magnets. 
Data of all experiments were arranged and statistically analyzed using SPSS computer program 
version 22.0 for Windows (Statistical Package for Social Sciences Inc, Chicago, Illinois). The data 
were expressed as mean ± standard deviation. The comparisons among the means of different 
treatments were made by one-way analysis of variance (ANOVA) followed by Tukey test for 
pairwise comparisons. For all the tests, a P-value of 0.05 or less was considered for statistical 
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significance. 
3. Results and discussion 
The influence of magnetized water were investigated by the growth characteristics of pepper 
plants. The results showed that magnetically treated water enhanced the growth of pepper plants over 
the course of the experiment. 
3.1. Effect of magnetically treated water on plant length 
Experimental results indicated that the patterns of plant length in the pepper plants watered with 
magnetically treated water were different than those observed in the plants watered with 
non-magnetically treated water (Figure 3). Mean shoot length of pepper plants was measured in each 
group every 7 days of treatment until the last day of the experiment (at day 105). 
 
Figure 3. Mean shoot length of pepper plants during the current study. 
On day 105, it was noticed that the magnetized water had a similar trend with regard to plant 
lengths. Plant length was measured after 105 days of growth. These values were taken as mean 
values of the length of each plant grown in the tested group. Although the growth of pepper plants 
was slightly affected when watering plants with magnetically treated water, the differences between 
the four treatments were not significant (Figure 4).  
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Figure 4. Mean shoot length of pepper plants at day 105. Control: watered with normal 
water, M3: magnetized water with 3 magnets, M6: magnetized water with 6 magnets, M9: 
magnetized water with 9 magnets. Mean values followed by the same letter are not 
significant at P ≤ 0.05 by Tukey's multiple range test.  
On the contrary, the present results disagree with that stated in the previous studies, which 
showed that magnetized water has either inhibition or a stimulatory effect on shoot length of treated 
plants. For example, in the study of Ahmad et al. [36]; they carried out a study to understand the effect of 
the magnetic field on seed germination, growth, yield, and fruit quality of sweet pepper (Capsicum 
annuum). Pepper seeds or irrigated water (separately or together) were passed through a magnetic 
funnel. They showed that the growth parameters were increased in the treated plants compared to the 
control. They concluded that the magnetic field is an effective method for the pre-sowing treatment 
of the seeds that enhance their growth. In addition, Similar enhancing effect of magnetically treated 
water on plants length was also reported on cucumber [37], corn [4], soybean [38,39], Tomato [40], 
cowpea and brinjal [23]. 
On the other hand, some studies revealed a negative impact of magnetized water on plant length 
such as Ijaz et al. [41], they conducted an experiment to study the impact of magnetized seed and 
magnetized water on wheat seeds. They observed that all values for plant length in treated groups (watered 
with magnetized water in different passing times) were less than control. 
The stimulatory or inhibitory effect of magnetically treated water on the growth of pepper plants 
may be due to its effect on biochemical processes, protein formation and enzymatic activity. It was 
previously proposed that the specific intensity of magnetic field can accelerate or delay seedling 
growth and root development. These changes may be due to magnetic field interacts with ionic 
fluxes across the cell membrane that induces changes in the mechanism of water uptake, osmotic 
pressure and ionic concentrations [42,43]. The magnetic field could exert an influence on soil/water 
interface and may lead to destabilization of gas bubbles (air), thus disturbing the ionic balance 
between the shell of absorbed negative ions and counter ions [44]. 
3.2. Effect of magnetically treated water on stem thickness  
The results revealed that stem diameter increased when watering plants with magnetically 
treated water when compared to the control (Figure 5). Among four treatments, watering with water 
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magnetized with 3 magnets significantly increased the stem thickness (Figure 6). At the end of the 
study, the magnetized water with 3 magnets gave the highest (2.59 ± 0.61 cm) increase in stem 
thickness as compared with other magnetic treatments. On the other hand, pepper plants watered 
with non-magnetized water was the lowest (1.84 ± 0.26 cm) among pepper plants in the other 
groups. 
This result is in agreement with the result stated by Alattar et al. [4], they reported the positive 
effect of magnetic water treatment on the stem thickness of corn seedlings. Similar results were also 
obtained by Jogi et al. [45], they found that mustard plants watered with magnetically treated water 
exhibited significant increases in stem diameter when compared to those in the control group. In the 
study of Yusuf and Ogunlela [46], they showed that tomato plants watered with magnetically treated 
water had larger stem diameter than plants watered with non magnetically treated water. On the other 
hand, different results were mentioned in the study of Osman et al. [47]; they reported that stem 
diameter of pear seedlings was not significantly affected by magnetically treated water. 
 
Figure 5. Mean stem thickness of pepper plants during the present study. 
 
Figure 6. Mean stem thickness of pepper plants at day 105. Control: watered with 
normal water, M3: magnetized water with 3 magnets, M6: magnetized water with 6 
magnets, M9: magnetized water with 9 magnets. Mean values followed by the same 
letter are not significant at P≤ 0.05 by Tukey's multiple range test. 
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The enhancement in vegetative parameters including plant length and stem thickness in plants 
watered with magnetically treated water may be due to an increase in photosynthetic pigments 
concentrations such as chlorophyll a and b and carotenoids as well as increased protein biosynthesis 
that provided a greater amount of assimilates available for vegetative growth. This resulted in a 
considerable increase in the vegetative growth of pepper plants indirectly treated by the magnetic 
field. It has been reported that the magnetic field caused changes in the transport properties of 
cellular plasmatic membranes, which play an important role in regulating the assimilation of the 
nutrients needed for its functioning [48]. 
3.3. Effect of magnetically treated water on the number of leaves  
The present study showed that the number of leaves is severely affected in the pepper plants 
watered with magnetically treated water (Figure 7). The impact of different magnetic water 
treatments on the growth of pepper at the age of 105 days reveals that the number of leaves was 
significantly increased by applying magnetic treatments. Comparing the control plants to their 
exposed counterparts, we observed that there was a statistically significant difference in the number 
of leaves between the four groups. At the end of the experiment, the leaves of pepper plants watered 
with water treated with 6 magnets (84.75 ± 23.3) were the highest and pepper plants watered with 
water treated with 9 magnets were the lowest in number (47.45 ± 15.25) among four groups (Figure 8). 
 
Figure 7. Mean number of leaves of pepper plants during the study. 
These results are in agreement with those obtained by Osman et al. [47] and Alattar et al. [4], 
they showed that the number of leaves per plant was significantly increased by watering plants with 
magnetically treated water when compared to those in the control group. In the study of El-Gizawy 
et al. [49], they reported that the potato plants treated with a 30 mT magnetic field produced the 
highest significant values for the number of leaves per plant. The findings are also in agreement with 
those stated by Marks and Szecowka [50] on potato and Ahamed et al. [36] on sweet pepper. They 
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pointed out that plants derived from magnetically exposed seeds produced a greater number of leaves 
compared to plants derived from non magnetically exposed seeds. Also, Eşİtken [51] showed that the 
magnetic field had a positive effect on strawberry plants in terms of the number of leaves. In the 
studies of Surendran et al. [23], they showed that the magnetic treatment of irrigation water increased 
the number of leaves as compared to those in the control group. 
The changes induced in the chemical and physical properties of magnetically treated water 
resulted in accentuated biological activity in plants and consequently influenced the growth of plants 
including the number of leaves per plant. Moreover, the magnetic field may be have resulted in faster 
activations of hormones and enzymes as well as improvement in the mobilization and transportation 
of nutrients during the growth process [23,32]. 
 
Figure 8. Mean number of leaves of pepper plants at day 105. Control: watered with 
normal water, M3: magnetized water with 3 magnets, M6: magnetized water with 6 
magnets, M9: magnetized water with 9 magnets. Mean values followed by the same 
letter are not significant at P ≤ 0.05 by Tukey's multiple range test. 
3.4. Effect of magnetically treated water on fresh and dry weight 
The results which are presented in Figure 9, showed the impact of magnetically treated water on 
fresh weight (FW) for each tested plant. Pepper plants were significantly influenced by watering with 
magnetically treated water. Magnetically treated water significantly increased the FW of exposed 
plants when compared with those in the control group. The pepper plants in the M9 group were the 
highest, whereas those in the control group were the lowest.  
The positive effect of magnetic field on fresh weight was reported by many researcher [52,53]. 
The largest influences on fresh weight of plants were in group 4 (9 magnets) due to enhanced growth 
including increased plant biomass under the treatment with the magnetic water. The magnetized 
water would influence biochemical processes (transport of assimilates, free radicals formation, 
activity of proteins and enzyme, ions and water uptake and growth regulator,) which lead to change 
and regulate the overall pattern of plant growth and biomass [39,54]. 
The results of the present study showed that magnetic treatments did not lead to a significant (P 
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< 0.05) affect the dry weight of pepper plants (Figure 9). Similar results have been previously 
documented in the study of Maheshavari and Grewal [32], they showed that shoot dry weight of 
snow pea was not affected by magnetized water. 
On the other hand, previous studies reported that magnetized water has either a negative or a 
positive effect on the dry weight of treated plants. For example, it was reported a stimulatory effect 
on the dry weight of snow pea and chickpea [55], soybean [38] some wheat cultivars [41,56] and 
cowpea [57] by treatments with magnetized water and its effect depending on the amount of water 
passed through the device. Whereas, Almaghrabi and Elbeshehy [56], revealed that magnetic water 
decreased the seedling dry weight of 21-day-old seedlings in 2 cultivars of wheat (‘Sakha 93’ and 
‘Masr 1’). 
 
Figure 9. Mean FW and DW of pepper plants at day 105. Control: watered with normal 
water, M3: magnetized water with 3 magnets, M6: magnetized water with 6 magnets, M9: 
magnetized water with 9 magnets. Mean values followed by the same letter are not 
significant at P ≤ 0.05 by Tukey's multiple range test. 
3.5. Effect of magnetically treated water on FW of fruits  
The results showed that the treated water had a significant effect on the fresh weight of 
produced fruit (pepper horn). Between the two groups, the highest average weight of fruit (20.92 g) 
was obtained from the M9 group while the lowest average weight was obtained from the M3 
group (Figure 10). 
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Figure 10. Mean FW of fruits of pepper plants at day 105. Control: watered with normal 
water, M3: magnetized water with 3 magnets, M6: magnetized water with 6 magnets, M9: 
magnetized water with 9 magnets. Mean values followed by the same letter are not 
significant at P ≤ 0.05 by Tukey's multiple range test. 
The results of the present study were consistent with the results of Ahmad et al. [36], they 
showed that fruit fresh weight was significantly increased in the pepper plants watered with 
magnetically treated water compared to the control. Similar results have been reported on tomato [58], 
mung bean [59], snow pea and chickpea [55], peas [60] and Citrus reticulata61] ‏]. The enhancement 
in fruit yield and also the largest influences on fresh weight of fruits were found in group 4 plants (9 
magnets) may be due to enhancing growth characteristics, which suggests there may be 
resonance-like phenomena that increase the internal energy of the plant that may induce higher fruit 
weight [62,63]. 
3.6. Effect of magnetically treated water on the number of fruits per plant  
The results showed that pepper fruit yield was severely affected by magnetically treated water 
(Figure 11). The highest number of fruit/plant was obtained from plants in the M6 group, whereas the 
lowest number was obtained from plants in the control group.  
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Figure 11. Mean number of fruits/tree of each treatment at day 105. Control: watered 
with normal water, M3: magnetized water with 3 magnets, M6: magnetized water with 6 
magnets, M9: magnetized water with 9 magnets. Mean values followed by the same 
letter are not significant at P≤ 0.05 by Tukey's multiple range test. 
Similar results were reported in the studies of Aladjadjiyan [42], Eşitken and Turan [64] and 
Ahmad et al. [36], they found out that magnetic water treatment increased yield and yield parameters 
of treated plants. The reasons standing behind increasing yields of the treated plant in the M6 group 
may be due to that the application of magnetic field with specific intensity (6 magnets) causes 
increased ions mobility and improves ions uptake which leads to biochemical changes or changed 
enzymatic activities, which results in better development of photosynthesis stimulation and thus 
increase the total number of fruits as well as improved their quality [65]. 
Conclusion 
Results of the current study showed the positive effects of magnetically treated water on some 
growth aspects (e.g. stem thickness, plant fresh weight, fruit fresh weight, number of leaves, fruit 
yields) of treated plants compared to that of the control. On the other hand there are no effect on 
plant length and dry weight. The impact of magnetic water treatment depends on the number of 
magnets used to magnetizing water. These results suggest that, watering with magnetically treated 
water, a simple and safe method, can be used to improve plant growth and development. It appears 
that the utilization of magnetically treated water can lead to improved quantity of pepper fruits. 
Generally, using magnetic water treatment could be a promising technique for agricultural 
improvements but extensive research is required on different crops. 
Acknowledgements 
This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 
304 
AIMS Biophysics  Volume 7, Issue 4, 291–307. 
Conflicts of interest  
The authors declare no conflicts of interest regarding the publication of this paper. 
Author contributions 
Eqbal Radwan wrote the manuscript and prepared figures, tables, and references. Etimad Alattar 
conceptualized the overall structure and edited the manuscript. Khitam Alwasife contributed critical 
comments to the draft and approved the manuscript. All the authors reviewed the draft. 
Reference 
1. Cho MH, Lee EJ, Son M, et al. (2012) A magnetic switch for the control of cell death signalling 
in in vitro and in vivo systems. Nat Mater 11: 1038–1043. 
2. Qin S, Yin H, Yang C, et al. (2016) A magnetic protein biocompass. Nat Mater 15: 217–226.  
3. Chou CK (2007) Thirty-five years in bioelectromagnetics research. Bioelectromagnetics 28: 
3–15. 
4. Alattar EM, Elwasife KY, Radwan ES, et al. (2019) Influence of magnetized water on the 
growth of corn (Zea mays) seedlings. Rom J biophys 29: 39–50.‏ 
5. Czaplicki Z, Matyjas-Zgondek E, Strzelecki S (2020) Dyeing of wool and woolen fabrics in 
magnetically treated water. J Nat Fibers 1–8.‏ 
6. Otsuka I, Ozeki S (2006) Does magnetic treatment of water change its properties? J Phys Chem 
B 110: 1509–1512.  
7. Pang XF, Deng B (2008) Investigation of changes in properties of water under the action of a 
magnetic field. Sci China Phys Mech 51: 1621–1632. 
8. Chibowski E, Szcześ A (2018) Magnetic water treatment–a review of the latest approaches. 
Chemosphere 203: 54–67.  
9. Wang Y, Wei H, Li Z (2018) Effect of magnetic field on the physical properties of water. Results 
Phys 8: 262–267.  
10. Inaba H, Saitou T, Tozaki K, et al. (2004) Effect of the magnetic field on the melting transition 
of H2O and D2O measured by a high resolution and supersensitive differential scanning 
calorimeter. J Appl Phys 96: 6127–6132.  
11. Chang KT, Weng CI (2008) An investigation into the structure of aqueous NaCl electrolyte 
solutions under magnetic fields. Comp Mater Sci 43: 1048–1055.  
12. Selim DA, Nassar RM, Boghdady MS, et al. (2019) Physiological and anatomical studies of two 
wheat cultivars irrigated with magnetic water under drought stress conditions. Plant Physiol 
Bioch 135: 480–488.‏ 
13. Ali AF, Alsaady MH, Salim HA (2019) Impact of bio fertilizer and magnetic irrigation water on 
growth and yield of melon Cucumis melo L. In IOP Conference Series: Earth and 
Environmental Science.  
14. Hasan MM, Alharby HF, Hajar AS, et al. (2019) The effect of magnetized water on the growth 
and physiological conditions of moringa species under drought stress. Pol J Environ Stud 8: 
 ‏.1155–1145
305 
AIMS Biophysics  Volume 7, Issue 4, 291–307. 
15. Fatahi P, Hajnorouzi A, Afzalzadeh R (2019) Improvement in photocatalytic properties of 
synthesized nano-structured ZnO in magnetic water and in presence of static magnetic field. 
Physica B Condens 555: 133–138.‏ 
16. Hassan NAA, Mubarak TH, Gheaeb NF (2019) Evaluation the effect of magnetized water on the 
bone density and osteoporosis in the experimental rats by DXA-Scan. Diyala J Med 16: 70–82.‏ 
17. Yusuf KO, Sakariyah SA, Baiyeri MR (2019) Influence of magnetized water and seed on yield 
and uptake of heavy metals of tomato. Not Sci Biol 11: 122–129.‏ 
18. Liu X, Wang L, Wei Y, et al. (2020) Irrigation with magnetically treated saline water influences 
the growth and photosynthetic capability of Vitis vinifera L. seedlings. Sci Hortic 262: 109056.‏ 
19. Kozyrskiy V, Savchenko V, Sinyavsky O, et al. (2020) Energy-saving technologies for 
pre-sowing seed treatment in a magnetic field. Energy-Saving Technologies for 
Environmentally-Friendly Agricultural Development, Publisher of Timely Knowledge, 213–242. 
20. Alattar E, Radwan E (2020) Investigation of the effects of radio frequency water treatment on 
some characteristics of growth in pepper (capsicum annuum) plants. Adv Biosci Biotechnol 11: 
 ‏.48–22
21. Moon JD, Chung HS (2000) Acceleration of germination of tomato seed by applying AC electric 
and magnetic fields. J Electrostat 48: 103–114.‏ 
22. Matwijczuk A, Kornarzyński K, Pietruszewski S (2012) Effect of magnetic field on seed 
germination and seedling growth of sunflower. Int Agrophys 26: 271–278.‏ 
23. Surendran U, Sandeep O, Joseph EJ (2016) The impacts of magnetic treatment of irrigation 
water on plant, water and soil characteristics. Agric Water Manag 178: 21–29.‏ 
24. Nyakane NE, Markus ED, Sedibe MM (2019) The effects of magnetic fields on plants growth: a 
comprehensive review. Int J Food Eng 5: 79–87.‏ 
25. Liu X, Wang L, Cui H, et al. (2019) Effects of magnetic treatment on the ascorbate–glutathione 
cycle and endogenous hormone levels in Populus× euramericana 'Neva' under cadmium stress. 
Can J For Res 49: 1147–1158.‏ 
26. Saunders R (2005) Static magnetic fields: animal studies. Prog Biophys Mol Bio 87: 225–239. 
27. Dini L, Abbro L (2005) Bioeffects of moderate-intensity static magnetic fields on cell cultures. 
Micron 36: 195–217. 
28. Zhou SA, Uesaka M (2006) Bioelectrodynamics in living organisms. Int J Eng Sci 44: 67–92. 
29. Zablotskii V, Polyakova T, Lunov O, et al. (2016) How a high-gradient magnetic field could 
affect cell life. Sci Rep 6: 37407.‏ 
30. Turker M, Temirci C, Battal P, et al. (2007) The effects of an artificial and static magnetic field 
on plant growth chlorophyll and phytohormone levels in maize and sunflower plants. Phys Ann 
Rev Bot 46: 271–284. 
31. Podleoeny J, Pietruszewski S, Podleoena A (2004) Efficiency of the magnetic treatment of broad 
bean seeds cultivated under experimental plot conditions. Int Agrophys 18: 65–71. 
32. Maheshwari BL, Grewal HS (2009) Magnetic treatment of irrigation water: its effects on 
vegetable crop yield and water productivity. Agric Water Manage 96: 1229–1236. 
33. Selim AF, El-Nady MF (2011) Physio-anatomical responses of drought stressed tomato plants to 
magnetic field. Acta Astron 69: 387–396. 
34. Nutritional recommendations for pepper, Retrieved Jun 15, 2019 from Haifa group company: 
Available from: https://www.haifa-group.com/pepper-fertilizer. 
306 
AIMS Biophysics  Volume 7, Issue 4, 291–307. 
35. McMahon CA )2009( Investigation of the Quality of Water Treated by Magnetic Fields, The 
University of Southern Queensland, Faculty of Engineering and Surveying, Australia.  
36. Ahamed MEM, Elzaawely AA, Bayoumi YA )2013( Effect of magnetic field on seed 
germination, growth and yield of sweet pepper (Capsicum annuum L.). Asian J Crop Sci 5: 
 ‏.294–286
37. Shahin MM, Mashhour AMA, Abd-Elhady ESE (2016) Effect of magnetized irrigation water 
and seeds on some water properties, growth parameter and yield productivity of cucumber 
plants. Curr Sci Int 5: 152–164.‏ 
38. Shine MB, Guruprasad KN, Anand A )2011( Enhancement of germination, growth, and 
photosynthesis in soybean by pre-treatment of seeds with magnetic field. Bioelectromagnetics 
 ‏.484–474 :32
39. Radhakrishnan R, Kumari BDR )2012( Pulsed magnetic field: A contemporary approach offers 
to enhance plant growth and yield of soybean. Plant Physiol Biochem 51: 139–144.‏ 
40. Feizi H, Sahabi H, Moghaddam PR, et al. (2012) Impact of intensity and exposure duration of 
magnetic field on seed germination of tomato (Lycopersicon esculentum L.). Not Sci Biol 4: 
 ‏.120–116
41. Ijaz B, Jatoi SA, Ahmad D, et al. (2012) Changes in germination behavior of wheat seeds 
exposed to magnetic field and magnetically structured water. Afr J Biotechnol 11: 3575–3585.‏ 
42. Aladjadjiyan A (2002) Study of the influence of magnetic field on some biological 
characteristics of Zea mais. J Cent Eur Agric 3: 89–94. 
43. Atak Ç, Çelik Ö, Olgun A, et al. (2007) Effect of magnetic field on peroxidase activities of 
soybean tissue culture. Biotechnol Biotechnol Equip 21: 166–171.‏ 
44. Hilal MH, Hilal MM (2000) Application of magnetic technologies in desert agriculture. I-Seed 
germination and seedling emergence of some crops in a saline calcareous soil. Egypt J Soil Sci 
 ‏.422–413 :40
45. Jogi PD, Dharmale RD, Dudhare MS, et al. (2015) Magnetic water: a plant growth stimulator 
improve mustard (Brassica nigra L.) crop production. Asian J Biol Sci 10: 183–185.‏ 
46. Yusuf KO, Ogunlela AO (2015) Impact of magnetic treatment of irrigation water on the growth 
and yield of tomato. Not Sci Biol 7: 345–348.‏ 
47. Osman EAM, El-Latif KA, Hussien SM, et al. (2014) Assessing the effect of irrigation with 
different levels of saline magnetic water on growth parameters and mineral contents of pear 
seedlings. Glob J Sci Res 2: 128–136.‏ 
48. Azharonok VV, Goncharik SV, Filatova II, et al. (2009) The effect of the high frequency 
electromagnetic treatment of the sowing material for legumes on their sowing quality and 
productivity. Surf Eng Appl Elect 45: 317–327.‏ 
49. El-Gizawy AM, Ragab ME, Helal NA, et al. (2016) Effect of magnetic field treatments on 
germination of true potato seeds, seedlings growth and potato tubers characteristics. Middle East 
J Agric Res 5: 74–81.‏ 
50. Marks N, Szecówka PS (2010) Impact of variable magnetic field stimulation on growth of 
aboveground parts of potato plants. Int Agrophys 24: 165–170.‏ 
51. Eşİtken A (2003) Effects of magnetic fields on yield and growth in strawberry ‘Camarosa’. J 
Hortic Sci Biotech 78: 145–147.‏ 
307 
AIMS Biophysics  Volume 7, Issue 4, 291–307. 
52. Alkassab AT, Albach DC (2014) Response of mexican aster cosmos bipinnatus and field mustard 
sinapis arvensis to irrigation with magnetically treated water (MTW). Biol Agric Hortic 30: 
 ‏.72–62
53. Massah J, Dousti A, Khazaei J, et al. (2019) Effects of water magnetic treatment on seed 
germination and seedling growth of wheat. J Plant Nutr 42: 1283–1289. 
54. Leelapriya T, Dhilip KS, Sanker Narayan PV (2003) Effect of weak sinusoidal magnetic field on 
germination and yield of cotton (Gossypium spp.). Electromagn Biol Med 22: 117–125.‏ 
55. Grewal HS, Maheshwari BL (2011) Magnetic treatment of irrigation water and snow pea and 
chickpea seeds enhances early growth and nutrient contents of seedlings. Bioelectromagnetics 
32: 58–65. 
56. Almaghrabi OA, Elbeshehy EK (2012) Effect of weak electro magnetic field on grain 
germination and seedling growth of different wheat (Triticum aestivum L.) cultivars. Life Sci J 9: 
 ‏.1622–1615
57. Sadeghipour O, Aghaei P (2013) Improving the growth of cowpea (Vigna unguiculata L. Walp.) 
by magnetized water. J Biodivers Environ Sci 3: 37–43.‏ 
58. De Souza A, Garci D, Sueiro L, et al. (2006) Pre-sowing magnetic treatments of tomato seeds 
increase the growth and yield of plants. Bioelectromagnetics 27: 247–257. 
59. Huang HH, Wang SR (2008) The Effects of inverter magnetic fields on early seed germination 
of mung beans. Bioelectromagnetics 29: 649–657. 
60. Es'kov EK, Rodionov YA (2010) Initial growth processes in seeds in magnetic fields, 
strengthened or weakened in relation to the geomagnetic field. Biol Bull 37: 49–55. 
61. Hamdy AE, Khalifa SM, Abdeen SA (2015) Effect of magnetic water on yield and fruit quality 
of some mandarin varieties. Ann Agric Sci 53: 657–666. 
62. Vashisth A, Nagarajan S (2008) Exposure of seeds to static magnetic field enhances germination 
and early growth characteristics in chickpea (Cicer arietinum L.). Bioelectromagnetics 29: 
571–578. 
63. Shabrangi A, Majd A (2009) Effect of magnetic fields on growth and antioxidant systems in 
agricultural plants. PIERS Proceedings, Beijing, China, 23–27. 
64. Eşitken A, Turan M (2004) Alternating magnetic field effects on yield and plant nutrient element 
composition of strawberry (Fragaria x ananassa cv. Camarosa). Acta Agr Scand B SP 54: 
 ‏.139–135
65. Dhawi F, Al Khayri JM (2009) Magnetic fields induce changes in photosynthetic pigments 
content in date palm (Phoenix dactylifera L.) seedlings. Open Agr J 3: 1–5. 
© 2020 the Author(s), licensee AIMS Press. This is an open access 
article distributed under the terms of the Creative Commons 
Attribution License (http://creativecommons.org/licenses/by/4.0) 
